Diffusion Bonding of Silicon Carbide for MEMS-LDI Applications 

Michael C. Halbig, Army Research Laboratory, Vehicle Technology Directorate, 
Cleveland, OH; Mrityunjay Singh, Ohio Aerospace Institute, Cleveland, OH; 

Tarah P. Shpargel, QSS Group, Inc., Cleveland, OH; James D. Kiser, NASA 
Glenn Research Center, Cleveland, OH 

A robust joining approach is critically needed for a Micro-Electro-Mechanical 
Systems-Lean Direct Injector (MEMS-LDI) application which requires leak free 
joints with high temperature mechanical capability. Diffusion bonding is well 
suited for the MEMS-LDI application. Diffusion bonds were fabricated using 
titanium interlayers between silicon carbide substrates during hot pressing. The 
interlayers consisted of either alloyed titanium foil or physically vapor deposited 
(PVD) titanium coatings. Microscopy shows that well adhered, crack free 
diffusion bonds are formed under optimal conditions. Under less than optimal 
conditions, microcracks are present in the bond layer due to the formation of 
intermetallic phases. Electron microprobe analysis was used to identify the 
reaction formed phases in the diffusion bond. Various compatibility issues 
among the phases in the interlayer and substrate are discussed. Also, the effects 
of temperature, pressure, time, silicon carbide substrate type, and type of 
titanium interlayer and thickness on the microstructure and composition of joints 
are discussed. 
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31st International Conference & Exposition on Advanced Ceramics and Composites, 

Daytona Beach, Florida, January 21-26, 2007. 
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Potential Applications for SiC Bonding 
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- Smart Integrated Multi-Point Lean Direct Injector 


Injector Program Objective and Approach 
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Multi-Point Lean Direct Injector 
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- Provides thermal protection of the fuel to prevent choking 

- Low cost fabrication of modules with complicated internal geometries through 
chemical etching 
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- Difficult to achieve a uniform layer 

- Relatively low strength 

- Glass flows and fills in holes and edges where it is not desired 

- Glass joints were not leak-free 
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- Leak-free at an internal pressure of 200 psi (1.38 MPa) 

- Stability and strength retention at 800”F (427”C) 


SiC-Ti-SiC Diffusion Bond Processing Matrix 
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Rohm & Haas CVD-SiC and 10 micron PVD Ti Interlayer - Atomic Ratios 

Phase C Si Ti A1 Cr Total 

SiC 45.890 54.096 0.011 0.000 0.004 100.000 

Phase A 24.686 18.690 56.621 - 0.003 100.000 

Phase-B 3.028 61.217 35.752 - 0.003 100.000 
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fully capable of meeting the needs of the proposed injector application - 
uniform, leak-free bonds with stability and strength retention at 
temperatures up to 800°F. 


